The mountains of Himalayas are the important channels for the mass exchange between surface layer of Northern Hemisphere and troposphere. The mountains relate surface layer atmosphere over the Tibetan Plateau and the above free atmosphere through many atmospheric circulation systems including mountain-valley wind and glacier wind etc. Mt. Qomolangma (Mt. Everest) is the highest peak in the world, and its nearby region is a representative case of mountains of Himalayas. Firstly the back ground of the establishment of the Qomolangma Station for Atmospheric and Environmental Observation and Research, Chinese Academy of Sciences (QOMS/ CAS) and the role of the station in the study of the atmosphere-land interaction over Himalayan area were introduced in this paper. Then some preliminary observational analysis results, such as the structure of the Atmospheric Boundary Layer (ABL) and the characteristics of the atmospheric turbulence and the radiation energy distribution were shown. The results showed that: The excess resistance to heat transfer kB À1 has obvious diurnal variations with lower values in the night and higher values in the daytime; The low frequency perturbations have a large influence on the spectra variation of all wind components, but mid frequency perturbations have only influence on the spectra variation of vertical wind components and also alter the co-spectra of momentum and sensible heat flux under near neutral stratification; The downward shortwave radiation over this area are obviously larger than that in other areas; There is very clear constant layer of potential temperature existing in the northern slope of Mt. Qomolangma area around 12:00 (Beijing Standard Time, BST) in May, and the layer is about 2,200 m during the period over this area. In comparison with study results from other areas, some uniqueness and commonness of the Himalayan region are clearly identified.
Introduction
Located at the western part of China, with an average elevation of more than 4,000 m above the sea level, the Tibetan Plateau makes up approximately one-fourth of the land area of China. The dynami-cal and thermal e¤ects, together with the energy transfer and mass exchange between land surface and atmosphere on the Tibetan Plateau, greatly influence the climate change over China, East Asia, and even the entire globe (e.g. Ye and Gao 1979; Yanai et al. 1992; Ye and Wu 1998; Tanaka et al. 2001; Ma et al. 2003; Ma et al. 2005; Ma et al. 2006; Wu et al. 2007; Liu et al. 2007 ). The Himalayas is located on the southern edge of the Tibetan Plateau, with more than 10 mountains higher than 8,000 m, including the highest mountain in the world, Mt. Qomolangma (Mt. Everest). Himalayan region is one-sixth of the total Tibetan Plateau area. It is typical representative of plateau uplift and large-scale mountainous plateau and has also a special performance of typical atmospheric processes. The high altitude over Himalayan area led to the region closest to the free troposphere and making the region is an ideal area for exchange of the mass and energy in the ground atmosphere and the free atmosphere. Himalayan complex terrain and strong solar radiation make the climate, atmospheric circulation systems, and environmental characteristics over this area being very special. It is an ideal laboratory for the study of mountain atmospheric science and environmental science. Tibet/Himalaya is also one key area of the MAHASRI (Monsoon Asian HydroAtmosphere Scientific Research and Prediction Initiative) four areas (http://mahasri.cr.chiba-u.ac.jp/ wiki/index.php/Main_Page).
However, the quantitative understanding of interactions between the land surface and atmosphere on this area is still very few due to poor transport and hard working conditions over there. The lack makes it di‰cult to model the complete energy and water cycles over the Himalayan area and their e¤ects on global climate change. Therefore, atmosphere-land interaction studies over the Himalayan area have increased in recent years. But experiments have been limited by observational parameters, and most investigations have only been done in summer and at a few locations (e.g. Zhou et al. 2008; Zou et al. 2009 ).
With the support from the Chinese Academy of Sciences, Qomolangma Station for Atmospheric and Environmental Observation and Research, Chinese Academy of Sciences (hereafter QOMS/ CAS) was constructed in August 2005, and many kinds of atmospheric instruments were set up over there. Therefore, it is possible to analyze the structure of the Atmospheric Boundary Layer (hereafter ABL), and the characteristics of the atmospheric turbulence and the radiation energy distribution by using the in-situ data observed from the QOMS/ CAS.
The description of the observation site
The QOMS/CAS (28.20 N, 86 .56 E) is located in an s-shape valley north of Mt. Qomolangma (Fig. 1) at an altitude of 4,300 m above sea level (a.s.l ). The crests along the valleys slopes show a height of 600-800 m above ground level (a.g.l ), comparatively higher in the south of the valley crook, peaking at 7,000 m a.s.l and partially covered by glaciers. The setup utilized for this evaluation consists of a 20 m atmospheric boundary layer (ABL) tower, a four-component radiation measurement system, a five-level soil moisture and soil temperature measurement system (SMTMS), a GPS radio-sonde system, a Wind Profiler and Radio Acoustic Sounding System (RASS), and a sonic turbulent measurement system and CO 2 /H 2 O flux measurement system. All the instruments and the observation items in the QOMS/CAS are shown in Table 1 . The surface of the QOMS/CAS is covered by sandy soil with sparse vegetation and small rocks. The data sampling of the turbulent observation system was set at a frequency of 10 Hz without interruption. All turbulent data collected were corrected for coordinate rotation (Kaimal and Finnigan 1994; Wilczak et al. 2001) , WPL-correction (Webb et al. 1980) , and sonic temperature correction. The data of the ABL tower, radiation system and the SMTMS was collected each 30 minutes.
3. In-situ data analysis and results over the northern slope of Mt. Qomolangma area
The characteristics of the atmospheric turbulence and the radiation energy distributions and the structure of the ABL are analyzed in this section by using the data observed from GPS radio-sonde system, radiation system and sonic turbulent measurement system in the QOMS/CAS.
The characteristics of aerodynamic and thermodynamic parameters
The excess resistance to heat transfer, kB À1 , is an important parameter to investigate the sensible heat exchange between land surface and atmosphere. It is a key parameter to calculate the sensible heat flux, and it appears as a variable in many numerical models and satellite remote sensing parameterization methods. It is the logarithm of the ratio GPS radio-sonde system (MW21 DigiCORA III, Vaisala Co.)
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between aerodynamic roughness length z 0m and thermodynamic roughness length z 0h (Owen and Thomson 1963) . Using the methodology shown in Ma et al. (2008) kB À1 is determined over the QOMS/CAS. It can be seen that kB À1 has obvious diurnal variations with lower values in the night and higher values in the daytime, especially in the afternoon over the northern slope of Mt. Qomolangma area (Fig. 2) , and the data used here is in March of 2007. It is same as the results that showed in Naqu area (30.7 -33.3 N, 91.0 -92 .5 E) of the Tibetan Plateau . This finding indicates that heat transfer e‰ciency may exceed that of momentum transfer (Yang et al. 2008) . In other words, the kB À1 values derived by other researchers in other areas cannot be used directly in the numerical models and the procedures of satellite remote sensing parameterization over the Himalayan area, the di¤erent values of kB À1 should be used in di¤er-ent time of a day.
The momentum transfer coe‰cient C D and sensible heat transfer coe‰cient C H are not only important for indicating the intensity of turbulent transfer but also necessary for dealing with some theoretical and practical problems, such as energy budget computation, diagnostic weather analysis and numerical simulation for the atmospheric circulation or climate. C D and C H over the QOMS/CAS is derived by using the methodology proposed by Garratt (1992) . The results show that the average value of C D over this area in October of 2007 is 0:73 Â 10 À3 while C H is 1 Â 10 À3 (Figures are  omitted) . The values of C D and C H are derived in neutral conditions here. It is very di¤erent with the results that showed in a desert area (Tamagawa 1996) and a grass land of the Tibetan Plateau (Ma et al. 2000 , Ma et al. 2003 . The reason is that the land surface of the QOMS/CAS is covered with very sparse vegetation, and there are very different land covers and landscapes among these areas. 
The characteristics of spectra and co-spectra
Knowledge of the distribution of spectra and cospectra energy with frequency has an important practical benefit. It allows better specification of instrument response times and the averaging periods needed to measure vertical fluxes. Therefore it is very important to analyze the characteristics of spectra and co-spectra over the Mt. Qomolangma area.
The analysis of averaged spectra and co-spectra under near neutral stratification over the northern slope of Mt. Qomolangma area revealed that low frequency perturbations have a large influence on the variance of all wind components, but mid frequency perturbations have only influence on the variances of vertical wind components and also alter the co-spectra of momentum and sensible heat flux under near neutral stratification (Fig. 3) , and 45 records of 30 minutes data from May to October in 2007 and 2008 are used here. The spectrum of the horizontal wind speed is comparable to universal spectra. As seen in the raw time series, the middle frequency (0:01 a n a 0:1) perturbations occur as brief intermittent events and result in downward entrainment of ambient air thereby producing enhanced downward sensible heat fluxes and downward as well as upward momentum fluxes with various magnitudes and timescales. Spectral power of w spectrum reduced by the glacier wind on the outer layer. When the wind direction was between 180 and 225 , increased spectral power of uv and w spectrum in low frequency domain and reduced spectral power of w spectrum in mid frequency domain results from glacier wind on the outer layer. The uw co-spectra and Tw co-spectra is negative in the mid and high frequency due to downward moment flux and heat flux respectively (Figures are omitted) . These kinds of patterns are very di¤erent from the spectra characteristics over the Gobi area and the oasis area in Gansu Province of northwest region of China (Wang and Mitsuta 1991; Wang and Mitsuta 1992) . The reason is that the landscapes among the QOMS/CAS, Gobi area and oasis area are very di¤erent. The topography of s-shape valley and the surrounding glacier impacts also contribute to these di¤erences.
The characteristics of radiation energy transfer
The diurnal variations of radiation fluxes (downward shortwave radiation DSR and upward shortwave radiation USR, upward long-wave radiation ULR and net radiation R n ) in 2007 over the northern slope of Qomolangma area are very obviously clear, and the downward shortwave radiation are obviously larger than that in other areas (Shen et al. 1995) due to the higher elevation and clear at- mosphere over the area. The downward shortwave radiation flux and net radiation flux have very clear annual variation over the northern slope of Qomolangma area. It means that they are larger in summer than that are in winter (Fig. 4) . They are same as the results that showed in the grass land of Naqu area of the Tibetan Plateau (Ma et al. 2005) . The diurnal variation curves of surface albedo in 2007 at the QOMS/CAS present typical u-shape. Surface albedo over the northern slope of Mt. Qomolangma area has di¤erent values in di¤erent seasons, it is higher in winter and spring and it is lower in summer and autumn (Fig. 5) . The di¤erent albedo values in di¤erent seasons are not only depended on sun angle, but also depended on the vegetation coverage and the snow cover etc. The results are same as the results that showed in the grass land of Naqu area ).
The structure of atmospheric boundary layer
There are constant layers of wind velocity, air humidity and potential temperature in the convective boundary layer (CBL) over the homogeneous land surfaces (Garratt 1992) . The mixed layer (ML) top was identified as the lowest level of an inversion in potential temperature, which capped a mixed layer of nearly uniform potential temperature (Stull 1988) . The constant layers of potential temperature were found over the grass land of the Tibetan Plateau, Gobi and oasis in Gansu Province of northwest region of China . Actually, the land surface heterogenity has a very significant impact on the overlying convective atmospheric boundary layer. The vertical profile of CBL variables are very di¤erent over di¤erent land surfaces. For example, the potential temperature below a height of about 150 m over the Gobi desert surface is higher than those over the oasis . However, CBL variables become well mixed and constant layers of potential temperature appear above the blending height. Because of relative high elevation and complex topography of Mt. Qomolangma area, the constant layers are higher than other areas. The landscape of Mt. Qomolangma area is very complex. By now, our understanding of the vertical atmosphere structure above this area, such as the vertical profile of potential temperature and the dimension of boundary layer and its relation to supra-regional circulation, is limited, aggravated by local topography and glacier wind e¤ects.
Using the data observed from GPS radio-sonde system it is found that there is very clear constant layer of potential temperature existing in the north- (Fig. 6 ). The layer is about 2200 m during the period over the area. It means that the ABL theory can be used in the northern slope of Mt. Qomolangma area even the landscape over there is very complex.
Concluding remarks
Long term observational data is needed to enhance the quantitative better understanding of interactions between the land surface and atmosphere over the Himalayan area. The QOMS/CAS is a good base for this long term observation due to its comprehensive monitoring terms over there. The structure of the ABL, the characteristics of excess resistance to heat transfer, kB À1 , momentum transfer coe‰cient C D , sensible heat transfer coe‰cient C H , the averaged spectra and co-spectra under near neutral stratification, the surface albedo and the radiation energy fluxes over the northern slope of Mt. Qomolangma area are shown in this study by using the data observed in the QOMS/CAS.
In comparison with resluts from other areas, some uniqueness of the Himalayan region and common features are identified. The momentum transfer coe‰cient, sensible heat transfer coe‰-cient, the averaged spectra and co-spectra under near neutral stratification are quite unique in the Himalayan region because of its special land covers, complicated topography and glacier impacts. On the other hand, the behavior of kB À1 , downward shortwave radiation, net radiation, and surface albedo are the same as those findings in the grassland of Naqu area. Besides, a clear mixed layer is also found in the Himalayan region.
The key finding of this study are: (1) The excess resistance to heat transfer kB À1 has obvious diurnal variations with lower values in the night and higher values in the daytime. The kB À1 values derived by other researchers in other areas cannot be used directly in the numerical models and the procedures of satellite remote sensing parameterization over the Himalayan area; (2) In neutral conditions, the average value of momentum transfer coe‰cient C D at the QOMS/CAS in October of 2007 is 0:73 Â 10 À3 while that of sensible heat transfer coe‰cient C H is 1 Â 10 À3 ; (3) The low frequency perturbations have a large influence on the spectra variation of all wind components, but mid frequency perturbations have only influence on the spectra variation of vertical wind components and also alter the co-spectra of momentum and sensible heat flux under near neutral stratification; (4) The diurnal variations of radiation fluxes (downward shortwave radiation, upward shortwave radiation, upward long-wave radiation and net radiation) and surface albedo in 2007 over the northern slope of Qomolangma area are very obviously clear, and the downward shortwave radiation over this area is obviously larger than that in other areas; (5) There is very clear constant layer of potential temperature existing in the northern slope of Mt. Qomolangma area around 12:00 (BST) in May, and the layer is about 2200 m during the period over this area.
Although these results form a sound basis to use the satellite remote sensing data and numerical model for the study of regional land surface variables and land surface fluxes over heterogeneous landscapes of Himalayan area, findings derived from point measurements can not be simply upscaled in spatial and temporal manner. More hard researches have to be done in the coming days for the better understanding on impacts of the Himalayan area on Asian monsoon system and the climatic change over China, Asia and even the entire globe.
